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P5Q Serial Phase Change 
M emory (PCM )

Features
• SPI bus com patible serial in terface

• Maxim um  clock frequen cy

– 66 MHz (0°C to +70°C)

– 33 MHz (–30°C to +85°C)

• 2.7V to 3.6V sin gle supply voltage

• Supports legacy SPI protocol an d new quad I/ O or 

dual I/ O SPI p rotocol

• Quad I/ O frequency of 50 MHz, resulting in  an  

equivalen t clock frequency up  to 200 MHz

• Dual I/ O frequency of 66 MHz, resulting in  an  

equivalen t clock frequency up  to 132 MHz

• Con tinuous READ of en tire m em ory via single 

in struction :

– Quad and dual output fast read

– Quad and dual input fast program

• Uniform  128Kb sectors (Flash  em ulation )

• WRITE operations

– 128Kb sectors ERASE (em ulated)

– Legacy Flash  PAGE PROGRAM

– Bit-alterable page WRITEs 

– PAGE PROGRAM on  all 1s (PRESET WRITEs)

• Write protections: p rotected area size defined by 

four nonvolatile bits (BP0, BP1, BP2, and BP3)

• JEDEC-standard two-byte signature (DA18h)

• 128Mb density with  SOIC16 package

• More than  1,000,000 WRITE cycles 

• Phase change m em ory (PCM) 

– Chalcogen ide phase change storage elem en t

– Bit-alterable WRITE operation
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Funct ional Descript ion

P5Q serial phase change m em ory (PCM) is nonvolatile m em ory that stores in form ation  

through a reversible structural phase change in  a chalcogen ide m aterial. The m aterial 

exh ibits a change in  m aterial p roperties, both electrical and optical, when  changed from  

the am orphous (disordered) to the polycrystalline (regularly ordered) state. In  the case 

of PCM, in form ation  is stored via the change in  resistance that the chalcogen ide m ate-

rial experiences when  undergoing a phase change. The m aterial also changes op tical 

p roperties after experiencing a phase change, a characteristic that has been  successfu lly 

m astered for use in  curren t rewritable optical storage devices, such  as rewritable CDs 

and DVDs.

The P5Q serial PCM storage elem en t consists of a th in  film  of chalcogen ide con tacted by 

a resistive heating elem en t. In  PCM, the phase chan ge is induced in  the m em ory cell by 

h ighly localized Joule heating caused by an  induced curren t at the m aterial junction . 

During a WRITE operation , a sm all volum e of the chalcogen ide m aterial is m ade to 

change phase. The phase chan ge is a reversible process and is m odulated by the m agn i-

tude of in jected curren t, the applied voltage, and the duration  of the heating pulse. 

Un like other p roposed alternative m em ories, P5Q serial PCM technology uses a conven-

tional CMOS process with  the addition  of a few additional layers to form  the m em ory 

storage elem en t. Overall, the basic m em ory m anufacturing process used to m ake PCM is 

less com plex than  that of NAND, NOR, or DRAM.

P5Q serial PCM com bines the benefits of traditional floating gate Flash , both  NOR-type 

and NAND-type, with  som e of the key attributes of RAM and EEPROM. Like NOR Flash  

and RAM technology, PCM offers fast random  access tim es. Like NAND Flash , PCM has 

the ability to write m oderately fast, and like RAM an d EEPROM, PCM supports bit-alter-

able WRITEs (overwrite). Un like Flash , no separate erase step  is required to change 

in form ation  from  0 to 1 and 1 to 0. Un like RAM, however, the technology is nonvolatile 

with  data reten tion  com pared with  NOR Flash .

Product  Features

P5Q serial PCM devices have 128Mb (16Mb x 8Mb) SPI phase change m em ory with  

advanced write protection  m echan ism s, accessed by a h igh-speed, SPI-com patible bus. 

The m em ory can  be program m ed from  1 to 64 bytes at a tim e using the PAGE 

PROGRAM, DUAL INPUT FAST PROGRAM, and QUAD INPUT FAST PROGRAM instruc-

tions. It’s organ ized as 128 sectors that are further divided in to 1024 pages each  (131,072 

total pages). For com patibility with  Flash  m em ory devices, P5Q serial PCM supports 

SECTOR ERASE (128Kb sector) an d BULK ERASE in structions. 

In  addition  to BULK ERASE instructions, P5Q serial PCM supports four h igh-perfor-

m ance dual and quad input/ output in struction s that double or quadrup le the tran sfer 

bandwidth  for READ and PROGRAM operations.

• DUAL OUTPUT FAST READ (DOFR) in structions read data up  to 66 MHz using both  

DQ0 an d DQ1 pins as outputs.

• QUAD OUTPUT FAST READ (QOFR) in structions read data up  to 50 MHz using DQ0, 

DQ1, DQ2(W#), and DQ3(HOLD#) p ins as outputs.

• DUAL INPUT FAST PROGRAM (DIFP) in structions program  data up  to 66 MHz using 

both  DQ0 and DQ1 pins as in puts.

• QUAD INPUT FAST PROGRAM (QIFP) in structions p rogram  data up  to 50 MHz usin g 

DQ0, DQ1, DQ2(W#), and DQ3(HOLD#) p ins as inputs.
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PCM P5Q serial PCM can  be write protected by software using a m ix of volatile and 

nonvolatile p rotection  features, depending on  application  needs. The protection  granu-

larity is 128Kb (sector granularity).

Figure 1:  Logic Diagram

Figure 2:  SO16 Connect ions

Notes: 1. DU = Do not  use. User must  f loat  these pins.

2. See “ Package Dimensions”  on page 40 for package dimensions and how to ident ify pins.

3. For SO8 package solut ions, contact  your Micron representat ive.
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Signal Names

Notes: 1. Serves as an input  during DUAL INPUT FAST PROGRAM (DIFP) and QUAD INPUT FAST PRO-

GRAM (QIFP) inst ruct ions. Serves as an output  during DUAL OUTPUT FAST READ (DOFR) and 

QUAD OUTPUT FAST READ (QOFR) inst ruct ions.

Signal Descript ions

Serial Data Input  (D/DQ0)

The serial data input sign al (D/ DQ0) transfers data serially in to the device and receives 

in structions, addresses, and the data to be program m ed. Values are latched on  the rising 

edge of serial clock (C).

During the DUAL OUTPUT FAST READ (DOFR) and QUAD OUTPUT FAST READ 

(QOFR) instructions, th is p in  is an  output (DQ0). Data is sh ifted out on  the falling edge 

of the C.

Serial Data Output  (Q/DQ1)

The serial data output signal (Q/ DQ1) transfers data serially out of the device. Data is 

sh ifted out on  the falling edge of C.

During the DIFP an d QIFP instructions, th is p in  is used for data input (DQ1). It is latched 

on  the rising edge of the C.

During the DOFR and QOFR instructions, th is p in  is used as data output (DQ1). Data is 

sh ifted out on  the falling edge of C.

Serial Clock (C)

The serial clock input sign al (C) provides the tim ing of the serial in terface. In structions, 

addresses, or data presen t at DQ0 are latched on  the rising edge of C. Data on  DQ1 

changes after the falling edge of C.

Table 1: Signal Names

Signal Name Standard x1 M ode Dual M ode Quad M ode

Funct ion Direct ion Function Direct ion Function Direct ion

C Serial clock Input Serial clock Input Serial clock Input

D (DQ0) Serial data 

input

Input Serial data I/O I/O1 Serial data I/O I/O1

Q (DQ1) Serial data 

output

Output Serial data I/O I/O1 Serial data I/O I/O1

S# Chip select Input Chip select Input Chip select Input

W# (DQ2) Write protect Input Write Protect Input Serial data I/O I/O1

HOLD# (DQ3) Hold Input Hold Input Serial data I/O I/O1

VCC Supply voltage

VSS Ground
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Chip Select  (S#)

When  a ch ip  select signal (S#) is HIGH, the device is deselected and DQ1 is High-Z. 

Un less an  in tern al PROGRAM, ERASE, or WRITE STATUS REGISTER cycle is in  progress, 

the device will be in  standby power m ode. Driving S# LOW enables the device, p lacing it 

in  active power m ode.

After power-up, a falling edge on  S# is required prior to the start of any in struction .

Hold (HOLD#/DQ3)

The hold signal (HOLD#) pauses any serial com m unication s with  the device without 

deselecting the device. During the HOLD condition , DQ1 is High-Z, and DQ0 and C are 

“Don’t Care.” To start the hold condition , the device m ust be selected with  S# driven  

LOW.

During QIFP in structions, th is p in  is used for data input (DQ3). It is latched on  the rising 

edge of the C. During QOFR instructions, th is p in  is used for data output (DQ3). Data is 

sh ifted out on  the falling edge of C.

Write Protect  (W#/DQ2)

The write protect in put signal (W#,DQ#2) freezes the size of the area of m em ory that is 

protected against program  or erase in structions (as specified by the values in  the BP3, 

BP2, BP1, and BP0 bits of the status register).

During QIFP in structions, th is p in  is used for data input (DQ2). It is latched on  the rising 

edge of the C. During QOFR instructions, th is p in  is used for data output (DQ2). Data is 

sh ifted out on  the falling edge of C.

VCC Supply Voltage

VCC is the supply voltage.

VSS Ground

VSS is the reference for the VCC supply voltage.

SPI M odes

P5Q serial PCM devices can  be driven  by a m icrocon troller with  its SPI peripheral 

runn ing in  either of these two m odes:

• CPOL = 0, CPHA = 0

• CPOL = 1, CPHA = 1

For these two m odes, input data is latched in  on  the risin g edge of C, and output data is 

available from  the falling edge of C. The difference between  the two m odes, as shown  in  

Figure 4 on  page 11, is the clock polarity when  the bus m aster is in  standby m ode and 

not tran sferring data.

• C rem ains at 0 for (CPOL = 0, CPHA = 0)

• C rem ains at 1 for (CPOL = 1, CPHA = 1)

Figure 3 on  page 10 is an  exam ple of th ree devices connected to an  MCU on  an  SPI bus. 

On ly one device is selected at a tim e, so on ly one device drives the serial data output 

(DQ1) line at a tim e; the other devices are High-Z. Resistors R (shown  in  Figure 3 on  

page 10) ensure that the P5Q serial PCM is not selected if the bus m aster leaves the S# 
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line in  the High-Z state. Because the bus m aster m ay en ter a state where all inputs/

outputs are in  High-Z at the sam e tim e (for exam ple, when  the bus m aster is reset), the 

clock line (C) m ust be connected to an  external pull-down  resistor. As a resu lt, when  all 

inputs/ outputs becom e High-Z, the S# line is pulled HIGH, while the C line is pulled 

LOW. This en sures that S# and C do n ot becom e HIGH at the sam e tim e and that the 
tSHCH requirem en t is m et.

The typical value of R is 100kΩ, assum ing that the tim e constan t R × Cp  (Cp  = parasitic 

capacitance of the bus line) is shorter than  the tim e during which  the bus m aster leaves 

the SPI bus in  High-Z.

Figure 3:  Bus M aster and M emory Devices on the SPI Bus

Notes: 1. W# and (HOLD# signals should be driven HIGH or LOW, as appropriate.
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Figure 4:  SPI M odes Supported
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Operat ing Features

To better understand operatin g features of the P5Q serial PCM device, refer to the 

following defin itions:

• PROGRAM: P5Q serial PCM devices write on ly 0s of the user data to the array and 

treat 1s as data m asks. This is sim ilar to program m ing on  a floating gate Flash  device. 

• Bit-alterable WRITE: P5Q serial PCM devices write both  0s and 1s of the user data to 

the array. 

• PROGRAM on  all 1s: On ly 0s are written  to the array, and 1s are treated as data m asks. 

PROGRAM on  all 1s also requires that the en tire page being written  be previously set 

to all 1s. PROGRAM on  all 1s is also referred to as PRESET WRITE.

PAGE PROGRAM

To PROGRAM/ WRITE one data byte, two in structions are required: WRITE ENABLE 

(WREN), which  is one byte; and a PAGE PROGRAM (PP) sequence, which  consists of four 

bytes p lus data byte. This is followed by the in ternal PROGRAM cycle (of duration  tPP).

To spread th is overhead, the PP in struction  allows up  to 64 bytes to be program m ed/

written  at a tim e, p rovided that they lie in  consecutive addresses on  the sam e page of 

m em ory.

For op tim ized tim ings, it is recom m ended to use the PP instruction  to program  all 

consecutive targeted bytes in  a single sequence versus using several PP sequen ces with  

each con tain ing on ly a few bytes (see “PAGE PROGRAM (PP)” on  page 27 and Table 16 

on  page 37).

DUAL INPUT FAST PROGRAM

The DUAL INPUT FAST PROGRAM (DIFP) in struction  m akes it possible to PROGRAM/

WRITE up to 64 bytes using two input p ins at the sam e tim e.

For op tim ized tim ings, it is recom m ended to use the DIFP instruction  to program  all 

consecutive targeted bytes in  a single sequence rather than  using several DIFP 

sequences each  con tain ing on ly a few bytes.

QUAD INPUT FAST PROGRAM

The QUAD INPUT FAST PROGRAM (QIFP) in struction  m akes it possible to PROGRAM/

WRITE up  to 64 bytes using four in put p ins at the sam e tim e.

For op tim ized tim ings, use the QIFP instruction  to program  all consecutive targeted 

bytes in  a sin gle sequence rather than  several QIFP sequences each  con tain ing on ly a 

few bytes.

SECTOR ERASE and BULK ERASE

A sector can  be erased to all 1s (FFh) at a tim e using the SECTOR ERASE (SE) in struction . 

The en tire m em ory can  be erased using the BULK ERASE (BE) in struction . This starts an  

in ternal ERASE cycle (of duration  tSE or tBE).

The ERASE instruction  m ust be preceded by a WREN instruction . 
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Polling During a WRITE, PROGRAM , or ERASE Cycle

Additional im provem en ts in  the tim e to WRSR, PP, DIFP, QIFP, or ERASE (SE or BE) can  

be achieved by not waiting for the worst case delay (tW, tPP, tSMEN, tSMEX, tSE, or tBE). 

The write in  progress (WIP) bit is provided in  the status register so that the application  

program  can  m on itor its value, polling it to establish  when  the previous WRITE cycle, 

PROGRAM cycle, or ERASE cycle is com plete.

Active Pow er and Standby Pow er

When S# is LOW, the device is selected and is in  the active power m ode. When  S# is 

HIGH, the device is deselected, but could rem ain  in  the active power m ode un til all 

in ternal cycles have com pleted (PROGRAM, ERASE, WRITE STATUS REGISTER). The 

device then  goes in  to the standby power m ode. The device consum ption  drops to ICC1.

Status Register

The status register con tains a num ber of status and con trol bits that can  be read or set 

(as appropriate) by specific in structions. See “READ STATUS REGISTER (RDSR)” on  

page 20 for a detailed descrip tion  of the status register bits.

Protocol-Related Protect ions

The environm en ts where nonvolatile m em ory devices are used can  be very noisy, but 

SPI devices cannot operate correctly in  the presence of excessive noise. To help  com bat 

th is, the P5Q serial PCM features the following data protection  m echan ism s:

• Power on  reset and an  in ternal tim er (tPUW) can  provide protection  against inadver-

ten t changes while the power supply is outside the operating specification .

• PROGRAM, ERASE, and WRITE STATUS REGISTER are checked to ensure they consist 

of a num ber of clock pulses that is a m ultip le of eight before they are accepted for 

execution .

• All in structions that m odify data m ust be preceded by a WREN instruction  to set the 

WEL bit. This bit is returned to its reset state by the following even ts:

– Power-up

– WRDI instruction  com pletion

– WRSR instruction  com pletion

– PP instruction  com pletion

– DIFP instruction  com pletion

– QIFP in struction  com pletion

– SE instruction  com pletion

– BE in struction  com pletion

• The block protect bits and top/ bottom  bit enable part of the m em ory to be configured 

as read-on ly. Th is is the software protect m ode (SPM).

• The W# signal en ables the block protect bits (BP3, BP2, BP1, BP0), top / bottom  (TB) 

bit, and status register write disable (SRWD) bit to be protected. This is the hardware 

protected m ode (HPM). 
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Notes: 1. The device is ready to accept  a BULK ERASE inst ruct ion if  all block protect  bits (BP3, BP2, 

BP1, BP0) are 0.

2. X can be 0 or 1.

Hold Condit ion

The Hold (HOLD#) signal is used to pause any serial com m unications with  the device 

without resetting the clocking sequence. However, takin g th is sign al LOW does not 

term inate any WRITE STATUS REGISTER, PROGRAM, or ERASE cycle that is curren tly in  

progress.

To en ter the hold condition , the device m ust be selected, with  S# LOW. The hold condi-

tion  starts on  the falling edge of the HOLD# signal, p rovided that th is coincides with  C 

being LOW (as shown in  Figure 5 on  page 15). The hold condition  ends on  the risin g 

edge of the HOLD# signal, p rovided that th is coincides with  C being LOW.

If the falling edge does not coincide with  C being LOW, the hold condition  starts after the 

next tim e C goes LOW. Sim ilarly, if the rising edge does not coincide with  C being LOW, 

the hold condition  ends after C next goes LOW (as shown  in  Figure 5 on  page 15).

During the hold condition , DQ1 is High-Z, and DQ0 and C are “Don’t Care.”

Norm ally, the device is kept selected, with  S# driven  LOW, for the whole duration  of the 

hold con dition . This is to ensure that the state of the in ternal logic rem ain s unchanged 

from  the m om ent of en tering the hold condition .

If S# goes HIGH while the device is in  the hold condition , th is has the effect of resetting 

the in ternal logic of the device. To restart com m unication  with  the device, it is necessary 

to drive HOLD# HIGH, and then  to drive S# LOW. This preven ts the device from  going 

back to the hold condition .

Table 2: Sizes of  Protected Areas

Status Register Contents M emory Content

TB Bit BP Bit  3 BP Bit  2 BP Bit  1 BP Bit  0 Protected Area Unprotected Area

0 0 0 0 0 None All sectors1 (sectors 0 to 127)

0 0 0 0 1 Upper 128 (sector 127) Sectors 0 to 126

0 0 0 1 0 Upper 64 (sectors 126 to 127) Sectors 0 to 125

0 0 0 1 1 Upper 32 (sectors 124 to 127) Sectors 0 to 123

0 0 1 0 0 Upper 16 (sectors 120 to 127) Sectors 0 to 119

0 0 1 0 1 Upper 8 (sectors 112 to 127) Sectors 0 to 111

0 0 1 1 0 Upper quarter (sectors 96 to 

127)

Sectors 0 to 95

0 0 1 1 1 Upper half  (sectors 64 to 127) Sectors 0 to 63

0 1 X2 X2 X2 All sectors (sectors 0 to 127) None

1 0 0 0 0 None All sectors1 (sectors 0 to 127)

1 0 0 0 1 Lower 128 (sector 0) Sectors 1 to 127

1 0 0 1 0 Lower 64 (sectors 0 to 1) Sectors 2 to 127

1 0 0 1 1 Lower 32 (sectors 0 to 3) Sectors 4 to 127

1 0 1 0 0 Lower 16 (sectors 0 to 7) Sectors 8 to 127

1 0 1 0 1 Lower 8 (sectors 0 to 15) Sectors 16 to 127

1 0 1 1 0 Lower 4 (sectors 0 to 31) Sectors 32 to 127

1 0 1 1 1 Lower half  (sectors 0 to 63) Sectors 64 to 127

1 1 X2 X2 X2 All sectors (sectors 0 to 127) None
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Figure 5:  Hold Condit ion Activat ion

M emory Organizat ion

The m em ory is organ ized as:

• 16,772,216 bytes (8 bits each)

• 8 super page program m ing regions (16 sectors each)

• 128 sectors (128Kb each)

• 262,144 pages (64 bytes each)

Each  page can  be individually program m ed (bits are program m ed from  1 to 0) or written  

(bit alterable: 1 can  be altered to 0 and 0 can  be altered to 1). The device is sector or bulk 

erasable (bits are erased from  0 to 1).

Table 3: M emory Organizat ion

Sector Address Range Sector Address Range

127 FE0000 FFFFFF 102 CC0000 CDFFFF

126 FC0000 FDFFFF 101 CA0000 CBFFFF

125 FA0000 FBFFFF 100 C80000 C9FFFF

124 F80000 F9FFFF 99 C60000 C7FFFF

123 F60000 F7FFFF 98 C40000 C5FFFF

122 F40000 F5FFFF 97 C20000 C3FFFF

121 F20000 F3FFFF 96 C00000 C1FFFF

120 F00000 F1FFFF 95 BE0000 BFFFFF

119 EE0000 EFFFFF 94 BC0000 BDFFFF

118 EC0000 EDFFFF 93 BA0000 BBFFFF

117 EA0000 EBFFFF 92 B80000 B9FFFF

116 E80000 E9FFFF 91 B60000 B7FFFF

115 E60000 E7FFFF 90 B40000 B5FFFF

114 E40000 E5FFFF 89 B20000 B3FFFF

113 E20000 E3FFFF 88 B00000 B1FFFF

112 E00000 E1FFFF 87 AE0000 AFFFFF

111 DE0000 DFFFFF 86 AC0000 ADFFFF

110 DC0000 DDFFFF 85 AA0000 ABFFFF

109 DA0000 DBFFFF 84 A80000 A9FFFF

108 D80000 D9FFFF 83 A60000 A7FFFF

107 D60000 D7FFFF 82 A40000 A5FFFF

106 D40000 D5FFFF 81 A20000 A3FFFF

105 D20000 D3FFFF 80 A00000 A1FFFF

HOLD#

C

Hold
condit ion

(standard use)

Hold
condit ion

(non-standard use)
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104 D00000 D1FFFF 79 9E0000 9FFFFF

103 CE0000 CFFFFF 78 9C0000 9DFFFF

77 9A0000 9BFFFF 42 540000 55FFFF

76 980000 99FFFF 41 520000 53FFFF

75 960000 97FFFF 40 500000 51FFFF

74 940000 95FFFF 39 4E0000 4FFFFF

73 920000 93FFFF 38 4C0000 4DFFFF

72 900000 91FFFF 37 4A0000 4BFFFF

71 8E0000 8FFFFF 36 480000 49FFFF

70 8C0000 8DFFFF 35 460000 47FFFF

69 8A0000 8BFFFF 34 440000 45FFFF

68 880000 89FFFF 33 420000 43FFFF

67 860000 87FFFF 32 400000 41FFFF

66 840000 85FFFF 31 3E0000 3FFFFF

65 820000 83FFFF 30 3C0000 3DFFFF

64 800000 81FFFF 29 3A0000 3BFFFF

63 7E0000 7FFFFF 28 380000 39FFFF

62 7C0000 7DFFFF 27 360000 37FFFF

61 7A0000 7BFFFF 26 340000 35FFFF

60 780000 79FFFF 25 320000 33FFFF

59 760000 77FFFF 24 300000 31FFFF

58 740000 75FFFF 23 2E0000 2FFFFF

57 720000 73FFFF 22 2C0000 2DFFFF

56 700000 71FFFF 21 2A0000 2BFFFF

55 6E0000 6FFFFF 20 280000 29FFFF

54 6C0000 6DFFFF 19 260000 27FFFF

53 6A0000 6BFFFF 18 240000 25FFFF

52 680000 69FFFF 17 220000 23FFFF

51 660000 67FFFF 16 200000 21FFFF

50 640000 65FFFF 15 1E0000 1FFFFF

49 620000 63FFFF 14 1C0000 1DFFFF

48 600000 61FFFF 13 1A0000 1BFFFF

47 5E0000 5FFFFF 12 180000 19FFFF

46 5C0000 5DFFFF 11 160000 17FFFF

45 5A0000 5BFFFF 10 140000 15FFFF

44 580000 59FFFF 9 120000 13FFFF

43 560000 57FFFF 8 100000 11FFFF

7 0E0000 0FFFFF 3 060000 07FFFF

6 0C0000 0DFFFF 2 040000 05FFFF

5 0A0000 0BFFFF 1 020000 03FFFF

4 080000 09FFFF 0 000000 01FFFF

Table 3: M emory Organizat ion (cont inued)

Sector Address Range Sector Address Range
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Instruct ions

All in structions, addresses, and data are sh ifted in  and out of the device, m ost sign ifican t 

bit first.

Serial data in put DQ0 is sam pled on  the first rising edge of C after S# is driven  LOW. 

Then , the one-byte in struction  code m ust be shifted in  to the device, m ost sign ifican t bit 

first, on  serial data input DQ0, each  bit being latched on  the rising edges of C. The 

instruction  set is listed in  Table 5 on  page 17.

Every in struction  sequence starts with  a one-byte in struction  code. Depending on  the 

in struction , th is m ight be followed by address bytes, data bytes, both , or none.

In  the case of read data bytes (READ), read data bytes at h igher speed (FAST_READ), 

DOFR, QOFR, RDSR, or READ IDENTIFICATION (RDID) in struction , the sh ifted-in  

in struction  sequence is followed by a data-out sequence. S# can  be driven  HIGH after 

any bit of the data-out sequence is being sh ifted out.

In  the case of a PP, DIFP, QIFP, SE, BE, WRSR, WREN, or WRDI, S# m ust be driven  HIGH 

exactly at a byte boundary; otherwise the in struction  is rejected and is not executed. 

That is, S# m ust be driven  HIGH when  the num ber of clock pulses after S# being driven  

LOW is an  exact m ultip le of eight. 

All attem pts to access the m em ory array during a WRITE STATUS REGISTER cycle, 

PROGRAM cycle, or ERASE cycle are ignored and the in ternal WRITE STATUS REGISTER 

cycle, PROGRAM cycle, ERASE cycle con tinues unaffected.

Note: Output High-Z is defined as the poin t where data out is no longer driven .

Table 4: Organizat ion of  Super Page Regions

Programming Region Sectors Address Range

7 112 to 127 E00000 to FFFFFF

6 96 to 111 C00000 to DFFFFF

5 80 to 95 A00000 to BFFFFF

4 64 to 79 800000 to 9FFFFF

3 48 to 63 600000 to 7FFFFF

2 32 to 47 400000 to 5FFFFF

1 16 to 31 200000 to 3FFFFF

0 0 to 15 000000 to 1FFFFF

Table 5: Instruct ion Set

Instruct ion Descript ion One-Byte Instruct ion Code
Address 

Bytes
Dummy 

Bytes
Data 
Bytes

WREN Write enable 0000 0110 06h 0 0 0 

WRDI Write disable 0000 0100 04h 0 0 0 

RDID Read ident if icat ion 1001 1111 9Fh 0 0 1 to 3

1001 1110 9Eh 0 0 1 to 3

RDSR Read status register 0000 0101 05h 0 0 1 to ∞
WRSR Write status register 0000 0001 01h 0 0 1 

READ Read data bytes 0000 0011 03h 3 0 1 to ∞
FAST_READ Read data bytes at  higher speed 0000 1011 0Bh 3 1 1 to ∞

DOFR Dual output  fast  read 0011 1011 3Bh 3 1 1 to ∞
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WRITE ENABLE (WREN)

The WRITE ENABLE (WREN) instruction  sets the WEL bit. The WEL bit m ust be set prior 

to every PP, DIFP, SE, BE, or WRSR instruction .

The WREN instruction  is en tered by driving S# LOW, sending the in struction  code, and 

then  driving S# HIGH.

Figure 6:  WRITE ENABLE (WREN) Instruct ion Sequence

WRITE DISABLE (WRDI) 

The WRITE DISABLE (WRDI) in struction  resets the WEL bit. The WRDI in struction  is 

en tered by driving S# LOW, sendin g the in struction  code, and then  driving S# HIGH.

The WEL bit is reset under the following conditions: 

• Power-up

• WRDI instruction  com pletion

• WRSR instruction  com pletion

• PP in struction  com pletion

• DIFP instruction  com pletion

QOFR Quad output  fast  read 0110 1011 6Bh 3 1 1 to ∞
PP Page program (legacy program) 0000 0010 02h 3 0 1 to 64

Page program (bit -alterable write) 0010 0010 22h 3 0 1 to 64

Page program (on all 1s) 1101 0001 D1h 3 0 1 to 64

DIFP Dual input  fast  program (legacy 

program)

1010 0010 A2h 3 0 1 to 64

Dual input  fast  program (bit -alterable 

write)

1101 0011 D3h 3 0 1 to 64

Dual input  fast  program (on all 1s) 1101 0101 D5h 3 0 1 to 64

QIFP Quad input  fast  program (legacy 

program)

0011 0010 32h 3 0 1 to 64

Quad input  fast  program (bit -alterable 

write)

1101 0111 D7h 3 0 1 to 64

Quad input  fast  program (on all 1s) 1101 1001 D9h 3 0 1 to 64

SE Sector erase 1101 1000 D8h 3 0 0 

BE Bulk erase 1100 0111 C7h 0 0 0 

Table 5: Instruct ion Set  (cont inued)

Instruct ion Descript ion One-Byte Instruct ion Code
Address 

Bytes
Dummy 

Bytes
Data 
Bytes

C

DQ0

S#

21 3 4 5 6 7

Command

0

DQ1

High-Z
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• QIFP in struction  com pletion

• SE in struction  com pletion

• BE in struction  com pletion

Figure 7:  WRITE DISABLE (WRDI) Instruct ion Sequence

READ IDENTIFICATION (RDID)

The READ IDENTIFICATION (RDID) in struction  enables devices to read the device 

iden tification  data, including m anufacturer iden tification  (1 byte) and device iden tifica-

tion  (2 bytes).

The m anufacturer iden tification  is assigned by JEDEC and has the value 20h for Micron . 

Any RDID in struction  while an  ERASE or PROGRAM cycle is in  progress is not decoded 

and has no effect on  the cycle that is in  progress.

The device is first selected by driving S# LOW. Then , the 8-bit in struction  code for the 

instruction  is sh ifted in . After th is, the 24-bit device iden tification  stored in  the m em ory 

will be sh ifted out on  serial data output (DQ1). Each bit is sh ifted out during the falling 

edge of C. The in struction  sequence is shown  in  Figure 8 on  page 20.

The RDID in struction  is term inated by driving S# HIGH at any tim e during data output. 

When  S# is driven  HIGH, the device is put in  the stan dby power m ode. After the device is 

in  the stan dby power m ode, the device waits to be selected so that it can  receive, decode, 

and execute in structions.

Table 6: READ IDENTIFICATION (RDID) Data-Out  Sequence

M anufacturer Identif icat ion

Device identif icat ion

M emory Type (Upper Byte) M emory Capacity (Low er Byte)

20h DAh 18h

C

DQ0

S#

21 3 4 5 6 7

Command

0

DQ1
High-Z
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Figure 8:  READ IDENTIFICATION (RDID) Instruct ion Sequence and Data-Out  Sequence

READ STATUS REGISTER (RDSR)

The READ STATUS REGISTER (RDSR) in struction  enables the status register to be read. 

The status register m ay be read at any tim e, even  while a PROGRAM, ERASE, or WRITE 

STATUS REGISTER cycle is in  p rogress. When  one of these cycles is in  progress, it is 

recom m ended to check the WIP bit before sending a new in struction  to the device. It is 

also possible to read the status register con tinuously, as shown  in  Figure 9 on  page 21.

RDSR is the on ly in struction  accepted by the device while a PROGRAM, ERASE, WRITE 

STATUS REGISTER operation  is in  progress.

The status and con trol bits of the status register are described below.

WIP Bit

The write in  progress (WIP) bit indicates whether the m em ory is busy with  a WRITE 

STATUS REGISTER, PROGRAM, or ERASE cycle. When  set to 1, one of these cycles is in  

progress; when  reset to 0, none of these cycles is in  progress. While WIP is 1, RDSR is the 

on ly in struction  the device will accept; all other in structions are ignored.

WEL Bit

The write enable latch  (WEL) bit indicates the status of the in ternal write enable latch . 

When  set to 1, the in ternal write enable latch  is set. When  it is set to 0, the in ternal write 

en able latch  is reset, and no WRITE STATUS REGISTER, PROGRAM, or ERASE instruc-

tion  is accepted.

Table 7: Status Register Format

b7 b0

SRWD BP3 TB BP2 BP1 BP0 WEL WIP

Status register write protect

Top/bot tom bit

Block protect  bits

Write enable latch bit

Write in progress bit

15 14 13 3 2 1 0

C

DQ0

S#

21 3 4 5 6 7 8 9 10 11 12 13 14 15

Command

0

DQ1

Manufacturer ident if icat ion
High-Z

MSB

Device ident if icat ion

MSB

16 17 18 28 29 30 31
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Block Protect  Bits

The block protect bits (BP3, BP2, BP1, BP0) are nonvolatile. They define the size of the 

area to be software protected against PROGRAM (or WRITE) and ERASE instructions. 

These bits are written  with  the WRSR instruction . When  one or m ore of the block protect 

bits is set to 1, the relevan t m em ory area (as defined in  Table 2 on  page 14) becom es 

protected against PP, DIFP, QIFP, and SE in structions. The block protect bits can  be 

written , p rovided that the hardware protected m ode has not been  set. The BE instruc-

tion  is executed if all b lock protect bits are 0.

Top/Bottom Bit

The top/ bottom  (TB) bit is nonvolatile. It can  be set and reset with  the WRSR instruc-

tion , provided that the WREN instruction  has been  issued. The TB bit is used in  con junc-

tion  with  the block protect bits to determ ine if the protected area defined by the block 

protect bits starts from  the top  or the bottom  of the m em ory array.

• When  TB bit is reset to 0 (default value), the area protected by the block protect bits 

starts from  the top  of the m em ory array (see Table 2 on  page 14)

• When  TB bit is set to 1, the area protected by the block protect bits starts from  the 

bottom  of the m em ory array (see Table 2 on  page 14).

The TB bit cannot be written  when  the SRWD bit is set to 1 and the W# p in  is driven  

LOW.

SRWD Bit

The status register write disable (SRWD) bit is operated in  con junction  with  the W# 

signal. The SRWD bit and the W# signal allow the device to be put in  the hardware 

protected m ode (when  the SRWD bit is set to 1 and W# is driven  LOW). In  th is m ode, the 

nonvolatile bits of the status register (SRWD, TB, BP3, BP2, BP1, BP0) becom e read-on ly 

bits an d the WRSR in struction  is no longer accepted for execution .

Figure 9:  READ STATUS REGISTER (RDSR) Instruct ion Sequence and Data-Out  Sequence

WRITE STATUS REGISTER (WRSR)

The WRITE STATUS REGISTER (WRSR) in struction  enables new values to be written  to 

the status register. Before it can  be accepted, a WREN instruction  m ust p reviously have 

been  executed. After the WREN instruction  has been  decoded and executed, the device 

sets the WEL.

7 76 5 4 3 2 1 07 6 5 4 3 2 1 0

C

DQ0

S#

21 3 4 5 6 7 8 9 10 11 12 13 14 15

Command

0

DQ1

Status register out
High-Z

MSB

Status register out

MSB
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The WRSR instruction  is en tered by driving S# LOW, followed by the in struction  code 

and the data byte on  serial data input (DQ0). The in struction  sequence is shown  in  

Figure 10 on  page 22. The WRSR in struction  has no effect on  B1 and B0 of the status 

register.

S# m ust be driven  HIGH after the eighth  bit of the data byte has been  latched in . If not, 

the WRSR instruction  is not executed. As soon  as S# is driven  HIGH, the self-tim ed 

WRITE STATUS REGISTER cycle (whose duration  is tW) is in itiated. While the WRITE 

STATUS REGISTER cycle is in  p rogress, the status register m ay still be read to check the 

value of the WIP bit. The WIP bit is 1 during the self-tim ed WRITE STATUS REGISTER 

cycle, and is 0 when  it is com pleted. When  the cycle is com pleted, the WEL is reset.

The WRSR instruction  enables the user to change the values of the block protect bits and 

to define the size of the area that is to be treated as read-on ly, as defined in  Table 2 on  

page 14. The WRSR instruction  also enables the user to set and reset the SRWD bit in  

accordance with  the W# signal. The SRWD bit and W# sign al enable the device to be put 

in  the hardware p rotected m ode (HPM). The WRSR instruction  is not executed after the 

HPM is en tered.

RDSR is the on ly in struction  that is accepted  while a WRSR operation  is in  progress; all 

other in structions are ignored.

Figure 10:  WRITE STATUS REGISTER (WRSR) Instruct ion Sequence

7 6 5 4 3 2 1 0

C

DQ0

S#

21 3 4 5 6 7 8 9 10 11 12 13 14 15

Command

0

DQ1

Status
register in

High-Z
MSB
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Notes: 1. As def ined by the values in the block protect  bits (BP3, BP2, BP1, BP0) of  the status register, 

as shown in Table 2 on page 14.

When  the SRWD bit of the status register is 0 (its in itial delivery state), it is possible to 

write to the status register, p rovided that the WEL bit has previously been  set by a WREN 

instruction , regardless of whether W# is driven  HIGH or LOW. 

When  the SRWD bit of the status register is set to 1, two cases need to be considered, 

depending on  the state of W#:

• If W# is driven  HIGH, it is possible to write to the status register p rovided that the WEL 

bit has previously been  set by a WREN instruction .

• If W# is driven  LOW, it is not possible to write to the status register even  if the WEL bit 

has previously been  set by a WREN instruction  (attem pts to write to the status register 

are rejected and are not accepted for execution ). As a consequence, all the data bytes 

in  the m em ory area that are software protected (SPM) by the block protect bits of the 

status register are also hardware protected against data m odification .

Regardless of the order of the two even ts, the HPM can  be en tered in  one of two ways:

• Set the SRWD bit after driving W# LOW.

• Drive W# LOW after setting the SRWD bit.

The on ly way to exit HPM after it has been  en tered is to pull write protect (W#) HIGH.

If write p rotect (W#) is perm anen tly tied HIGH, HPM can  never be activated, and on ly 

the software protected m ode (SPM), using the block protect bits of the status register, 

can  be used.

Read Data Bytes (READ)

The device is first selected by driving S# LOW. The in struction  code for the read data 

bytes (READ) instruction  is followed by a 3-byte address A[23:0], with  each  bit being 

latched in  during the rising edge of C. Then the m em ory con ten ts at that address are 

sh ifted out on  serial data output (DQ1), with  each  bit being sh ifted out at a m axim um  

frequency fR, during the falling edge of C. The instruction  sequence is shown in  

Figure 11 on  page 24.

Table 8: Protect ion M odes

W#
SRWD 

Bit M ode
Write Protect ion of  

Status Register

M emory Content

Protected Area1 Unprotected Area1

1 0 Sof tware protected 

(SPM)

Status register is 

writable (if  the WREN 

inst ruct ion has set  the 

WEL bit ); the values in 

the SRWD, TB, BP3, BP2, 

BP1, and BP0 bits can be 

changed

Protected against  PAGE 

PROGRAM, SECTOR 

ERASE, and BULK ERASE

Ready to accept  PAGE 

PROGRAM, and SECTOR 

ERASE inst ruct ions
0 0

1 1

0 1 Hardware protected 

(HPM)

Status register is 

hardware write 

protected; the values in 

the SRWD, TB, BP3, BP2, 

BP1, and BP0 bits cannot  

be changed

Protected against  PAGE 

PROGRAM, SECTOR 

ERASE, and BULK ERASE

Ready to accept  PAGE 

PROGRAM, and SECTOR 

ERASE inst ruct ions
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The first byte addressed can  be at any location . The address is au tom atically in cre-

m en ted to the next h igher address after each  byte of data is sh ifted out. The whole 

m em ory can  be read with  a single READ instruction . When  the h ighest address is 

reached, the address coun ter rolls over to 000000h, enabling the read sequence to be 

con tinued indefin itely.

The READ instruction  is term inated by driving S# HIGH. S# can  be driven  HIGH at any 

tim e during data output. Any READ in struction , while an  ERASE, PROGRAM, or WRITE 

is in  progress, is rejected without having any effects on  the cycle that is in  progress.

Figure 11:  READ DATA BYTES (READ) Instruct ion Sequence and Data-Out  Sequence

Read Data Bytes at  Higher Speed (FAST_READ)

The device is first selected by driving S# LOW. The in struction  code for the read data 

bytes at h igher speed (FAST_READ) instruction  is followed by a 3-byte address A[23:0] 

and a dum m y byte, with  each  bit bein g latched in  during the rising edge of C. Then  the 

m em ory con ten ts at that address are sh ifted out on  serial data output (DQ1) at a 

m axim um  frequency fC, during the falling edge of C. The in struction  sequence is shown  

in  Figure 12 on  page 25.

The first byte addressed can  be at any location . The address is au tom atically in cre-

m en ted to the next h igher address after each  byte of data is sh ifted out. The whole 

m em ory can  be read with  a single FAST_READ in struction . When  the h ighest address is 

reached, the address coun ter rolls over to 000000h, enabling the read sequence to be 

con tinued indefin itely.

The FAST_READ instruction  is term inated by driving S# HIGH. S# can  be driven  HIGH at 

any tim e during data output. While an  ERASE, PROGRAM, or WRITE cycle is in  progress, 

any FAST_READ instruction  is rejected without having any effects on  the cycle that is in  

progress.

7 6 5 4 3 2 1 0

23 22 21 3 2 1 0

7

C

DQ0

S#

21 3 4 5 6 7 8 9 10

Command

0

DQ1

MSB

High-Z
Data-out  1

MSB

28 29 30 31 32 33 34 35 36 37 38 39

Data-out  2

24-bit  address
note 1
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Figure 12:  FAST_READ Instruct ion Sequence and Data-Out  Sequence

DUAL OUTPUT FAST READ (DOFR)

The DUAL OUTPUT FAST READ (DOFR) in struction  is very sim ilar to the FAST_READ 

instruction , except that the data are sh ifted out on  two p ins (DQ0 an d DQ1) in stead of 

one. Outputting the data on  two p ins in stead of one doubles the data transfer bandwidth  

com pared to the outputting data using the FAST_READ instruction .

The device is first selected by driving S# LOW. The in struction  code for the DOFR 

instruction  is followed by a 3-byte address A[23:0] and a dum m y byte, with  each  bit 

being latched-in  during the rising edge of serial clock (C). Then  the m em ory con ten ts at 

that address are sh ifted out on  DQ0 and DQ1 at a m axim um  frequency fC, during the 

falling edge of C. The in struction  sequence is shown  in  Figure 13 on  page 26.

The first byte addressed can  be at any location . The address is au tom atically in cre-

m en ted to the next h igher address after each  byte of data is sh ifted out on  DQ0 and DQ1. 

The whole m em ory can  be read with  a single DOFR instruction . When  the h ighest 

address is reached, the address coun ter rolls over to 00 0000h  so that the read sequence 

can  be con tinued indefin itely.

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

7

C

DQ0

S#

3433 35 36 37 38 39 40 41 42 43

Dummy cycles

32

DQ1

Data-out  1

MSB MSB MSB

44 45 46 47

Data-out  2

23 22 21 3 2 1 0

C

DQ0

S#

21 3 4 5 6 7 8 9 10

Command

0

DQ1
High-Z

28 29 30 31

24-bit  address
note 1

1

1
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